Argan oil belongs to the high-price vegetable oils on the market. Therefore, consumers have the right to purchase a high-quality product. The quality of edible vegetable oils is defined in food standards in which sensory quality is the most important feature. Additional parameters are defined to assess the identity of oils or to evaluate their oxidative state. The sensory quality of cold pressed argan oil is altered if the production has not been performed with reasonable care regarding raw material and extraction. Only oil from roasted seeds extracted by a screw-press had a sufficient sensory quality over a period of 20 weeks without unacceptable sensory attributes. Under accelerated storage conditions oil from roasted seeds extracted by a screw-press remained below the limits given by the Codex Alimentarius or the German guideline for Edible Fats and Oils for peroxide and totox value. Oil from unroasted seeds or oil from goatdigested roasted seeds and extracted by a screw-press, as well as oil from roasted seeds traditionally extracted, exceeded these limits. Initial oxidative stability of oil from unroasted seeds was significantly lower than that of the other oils. After 35 days under accelerated storage, oil from roasted seeds obtained using a screw-press showed the highest oxidative stability. Moreover, tocopherol and phytosterol compositions are useful features of argan oil.
Cold-pressed vegetable oils are becoming increasingly popular because of their low processing and characteristic taste and smell. They are also considered by consumers to be healthier than refined oils. Cold-press oils are obtained by pressing the raw material by means of a screw press. Then the crude oil is purified by either filtration or sedimentation. No other step of purification is allowed. Consequently, producers are strongly dependent on the quality of the raw material and its processing. Sensory evaluation is important for the assessment of cold pressed vegetable oils [1, 2] because taste and smell strongly influence the buying decision of the consumers. Another important point is the storage stability of the products. Edible argan oil is becoming more and more popular. In 2001 the French Agency of the Sanitary Safety of Food (AFSSA) officially confirmed the marketing of argan oil in France [3] . Today argan oil belongs to the high-price segment in western European countries with prices between 50 and 180 Euro/liter. Such a price justifies the expectation of the consumer for a high quality product.
Argan oil-associated ethnoeconomical problems have already been reported elsewhere [4, 5] , as well as its traditional and modernized multistep preparative process [6] [7] [8] . Despite these improvements, argan oil must fulfill quality requirements defined by the European legislation or standards like the Codex Alimentarius [1] or the German Guidelines for Edible Fats and Oils [2] .
Looking to the European legislation, Regulation (EC) No 178/2002 [9] lays down the general principles and requirements of food law. From this, some fundamentals have to be fulfilled during the processing of argan oil to avoid conflicts with regulations and food quality standards. One important quality standard for edible oils is the Codex Standard for named vegetable oils -CODEX STAN 210-1999 [1] . It contains the fatty acid composition of different vegetable oils and fats and some quality criteria such as phytosterol and tocopherol composition, as well as some physical and chemical parameters.
For cold pressed and virgin oils the Codex standard defines a maximum acid value of 4.0 mg KOH/g oil and a peroxide value up to 15 meq O 2 /kg oil. The most important parameters for the quality of an edible oil are its odor and taste. The product should be free from foreign and rancid odor and taste. Argan oil is not included in the Codex standard because its use outside of Morocco is relatively new. Nevertheless, the parameters can be applied to ensure the quality of cold pressed argan oil.
The loss of quality of cold pressed argan oil is directly correlated with the sensory evaluation of the product. Typical for high-quality cold pressed argan oil are the sensory attributes of roasty and nutty resulting from the roasting process. Deviations from this sensory impression are caused by improper raw material, unsuitable processing and inappropriate storage conditions. For the sensory evaluation of cold pressed argan oil the scheme given in Table 1 has been developed by the Max Rubner-Institut (Germany) over a period of 3 years and assessment of nearly 300 different argan oils from different locations, production facilities and types of processing.
This method evaluates the oils both descriptively and quantitatively with at least four trained panelists. The scheme consists of the two typical attributes, nutty and roasty, which are characteristic of cold pressed argan oil from sound material. The attribute nutty results from the argan fruit, while the attribute roasty is developed during the roasting process. Both attributes should be perceived in cold pressed edible argan oil from roasted seeds. The appearance of at least one of the atypical attributes given on the form indicates that something went wrong with the raw material during processing or storage. The attribute rancid is a marker for improper storage conditions of the oil resulting in oxidative degradation that becomes notable. On the other side the attribute burnt is a clear indication that the roasting process did not work very well. Attributes fusty and Roquefort cheese clearly indicate that improper raw material was used for the processing, e.g. goat-peeled fruits.
A quantitative assessment of each attribute is made on a scale from 0, for not perceivable, to 5, for very strongly perceivable. The data sets obtained from the sensory assessments of the individual tasters are statistically evaluated in order to improve the reliability and repeatability of the results. Since the mean value of the results for one attribute is influenced by every single result, especially by outliers in the data set, the median has to be calculated as the best result. Outliers are not influencing the median. In addition, the relative coefficients of variation of the results have to be calculated in order to obtain a rough estimation whether the final result is either unanimous or heterogeneous. The relative coefficient of variation for the different attributes has to be below 15%.
For the sensory assessment, argan oil is filled into special blue colored glasses typical for the sensory evaluation of olive oils. The blue color of the glasses avoids the appearance of the oils influencing the decision of the taster. To gather/keep the volatile aroma compounds for the time of the sensory assessment session, glasses are covered with a watch glass. Every glass is filled with the same amount of about 15 mL of oil to ensure that the oil develops an intense headspace aroma and the volatile compounds diffuse in the covered glass. Oils are evaluated at room temperature.
Processing and used raw material have a great influence on the taste and smell of cold pressed argan oil. In a storage experiment with argan oil obtained by different processing methods, oil from unroasted seeds had a nutty taste at the beginning of the experiment, while oil samples from roasted seeds were characterized by the appearance of nutty and roasty attributes. In oil from goat-digested seeds the attribute fusty was perceivable [10] .
For some of the different processed oils the initial assessment changes dramatically during storage resulting in oils being judged as inedible for humans, because of an unacceptable taste and smell ( Figure 1 ). Directly after processing, only the oil from goat-digested seeds was unacceptable for human consumption, but after 20 weeks of storage, attributes like fusty and Roquefort cheese were perceivable also in oil from unroasted seeds, making the oil inedible. These attributes appeared within some weeks, faster than for any other oil from sound seeds. One reason could be the lack of the roasty taste and smell which could mask the unpleasant aroma for a while.
A similar assessment was found for argan oil obtained from roasted seeds by traditional extraction. Directly after pressing the oil was characterized by the appearance of the typical nutty and roasty attributes; no atypical attribute was perceivable. After 20 weeks of storage, the attribute roasty was still perceivable, but due to the taste and smell of Roquefort cheese the oil became inedible ( Figure 1 ). No change in the sensory characteristics was found for oils from roasted kernels obtained by mechanical extraction. For this oil the typical sensory attributes nutty and roasty were perceivable over a 20 week storage period at 20°C. Only a slight decrease in the intensity of these attributes was detectable at the end of the experiment.
Lipid oxidation is one major reason for the deterioration of edible oils [11] . It often results in a strong decrease in the oil sensory quality due to the formation of strong aroma active compounds. For the commercialization of edible oils it is important that oils remain within the best-before use period below the limits given by different standards that describe an acceptable oil quality.
The most commonly used parameters for the assessment of the oxidative state of edible oils are the peroxide value, which mainly detects primary oxidation products such as hydroperoxides or radicals at the beginning of the autoxidation process, and the anisidine value, which detects secondary oxidation products resulting from the degradation of the primary products. The totox value, calculated as two times the peroxide value plus the anisidine Quality of cold pressed argan oil Natural Product Communications Vol. 8 (1) 2013 39 value, combines both parameters. In the literature, different limits for the totox value are suggested for good quality edible oils [2, 12, 13] .
The anisidine value increased only very slightly for cold pressed argan oil from different processing, while the peroxide value changed for oil from unroasted seeds from 0.6 meq O 2 /kg to 3.5 meq O 2 /kg within 20 weeks at 20°C [10] . The lowest increase in the peroxide value was found for oil from roasted seeds extracted by the traditional method (from 0.1 meq O 2 /kg to 1.4 meq O 2 /kg). Oil extracted from roasted seeds with a screw press showed an increase in the peroxide value from 0.5 meq O 2 /kg to 2.8 meq O 2 /kg, while oil from goat-digested raw material had an increase from 0.3 meq O 2 /kg to 2.2 meq O 2 /kg ( Figure 2 ). None of the oils reached the limits for the totox value given by Rossell (totox = 10) [12] or the German Guidelines for Edible Fats and Oils (totox = 20) [2] within the storage period of 20 weeks at 20°C, but the totox values of all mechanically extracted oils (unroasted, roasted, goatdigested) exceeded the recommendation of Frankel (totox = 4) [13] .
Under accelerated storage conditions at 60°C it is possible to simulate a longer storage period within a relative short period (35 days). The results of such a storage experiment showed only a small increase in the anisidine value for the different processed oils. Oil from unroasted seeds showed again the highest peroxide value (39.5 meq O 2 /kg) after the storage period and thus the highest totox value, while the peroxide value and the totox value of oil extracted by a screw press from roasted seeds only increased to 7. Even if all oils exceeded the limits given by Frankel [13] and Rossell [12] for the totox value, results show that the limit for the peroxide value of 10 meq O 2 /kg and for the totox value of 20 given in the German Guidelines were not reached for the oil obtained from screw press-extracted roasted seeds. Argan oil is characterized by a remarkably high oxidative stability in the Rancimat test. Madawala et al. [14] found an oxidative stability of 27.6 h at 100°C in the Rancimat test, corresponding to about 6.9 h at 120°C. That was the second highest value for different types of oil after macadamia nut oil. In the present investigation argan oil obtained from roasted seeds by screw pressing had an average oxidative stability in the Rancimat test of 9.3 h at 120°C, while for oil from unroasted seeds, roasted seeds traditional extracted, and roasted seeds goat-digested, mean values of 6.0 h, 8.7 h and 8.0 h were found. After 20 weeks of storage at 20°C the oil obtained from unroasted seeds showed a significantly lower oxidative stability in the Rancimat test, both at the beginning and end of storage. This effect was similar to that shown after storage of the oils at 60°C for 35 days to accelerate the degradation process (Figure 3 ).
From this it can be assumed that roasting strongly improves the oxidative stability of cold pressed argan oil. In general, the oxidative stability of vegetable oils depends on the fatty acid and triacylglycerol composition, but at least 50% are influenced by the appearance of minor components [15] . One reason for a better oxidative stability of oils obtained from roasted seeds could be that antioxidant active compounds become better extractable after the roasting process. For temperatures higher than 120°C the formation of so-called Maillard-reaction products from the reaction between reducing sugars and amino acids is widely described in the literature and for some of these compounds a high antioxidant effect has been shown [16, 17] . For some oils a strong correlation between the roasting process, the roasting temperature and the antioxidant potential, and oxidative stability is described in the literature [18, 19] . Gharby et al. [20] assumed from a two-year storage experiment with different processed argan oils that phospholipids may also be involved in the high oxidative stability of argan oil. Harhar et al. [21] showed that prolonged roasting time resulted in color development and increase of the phosphorous content.
The identity of edible oils is also an important feature for consumers. Adulteration is very attractive because any replacement of high-quality argan oil by low-price oils results in an optimization of the profit. The Codex Alimentarius and the German Guidelines for Edible Fats and Oils provide data for the fatty acid, tocopherol and sterol composition of several commonly used edible oils. Information about argan oil is not given in these standards, but in the literature some information is available [10, 22, 23] . Maurin et al. [22] also provide some information about the triacylglycerol composition of argan oil.
More specific is the tocopherol composition, with -tocopherol as the predominant compound (407.7 mg/kg), which corresponds to Matthäus about 90% of the total tocopherols of argan oil. This outstanding position of -tocopherol is unique for commonly used edible vegetable oils and only in hempseed oil has -tocopherol a comparable dominating position. Since hempseed oil also belongs to the high-price products, and the fatty acid composition with linolenic acid and higher amounts of -linolenic acid is completely different, adulteration of argan oil with hempseed oil is very unlikely. On the other side, any admixture of argan oil with sunflower oil as a cheap alternative with a high linoleic acid and negligible -linolenic acid content may be easily detected by its high content of -tocopherol, which can be found in pure argan oil only in small amounts.
The quality of the raw material used for the extraction of the oil has a strong influence on the tocopherol content. No significant difference in the total amount of tocopherols was found for oil obtained from roasted or unroasted seeds either obtained by screw pressing or the traditional method. Only the total amount of tocopherols in oil obtained from goat-digested kernels was significantly lower [10] . Instead of 457.1 mg/kg only 335.3 mg/kg were found.
Another suitable parameter for proof of identity of vegetable oils is their phytosterol composition. While most vegetable oils contain up to 60% ß-sitosterol, argan oil is characterized by the absence of this compound. On the other hand, argan oil contains -spinasterol and 7-stigmasterol (schottenol) in large amounts (626.1 mg/kg and 738.8 mg/kg, respectively). The presence of -spinasterol is typical for oil from seeds of members belonging to the family Sapotaceae [24] . From this, the phytosterol composition of argan oil is a good parameter to give valuable information about the identity of the product. Especially the presence of either ß-sitosterol or brassicasterol in argan oil or much lower amounts of -spinasterol and 7-stigmasternol would give clear indication of adulteration.
Looking on the effect of the raw material, Matthäus et al. [10] found that the initial sterol content in argan oil from goat-digested seeds was much higher than in oil from roasted or unroasted seeds (1972 mg/kg oil vs 1435mg/kg oil).
During storage under moderate conditions at 20°C the total amount of tocopherols did not significantly decrease over a period of 20 weeks [10] . Under accelerated conditions at 60°C the most dramatic decrease of tocopherols was found for oil from unroasted seeds.
Probably protective compounds others than tocopherols and formed during the roasting process were not present. After 35 days only half of the initial content of tocopherols was found (224 mg/kg), whereas the relative distribution of the individual tocopherols remained nearly unchanged (-tocopherol, -tocopherol, and -tocopherol: 4.2%, 88.2%, and 5.8%, respectively). The oils from roasted seeds extracted by either a screw-press (457.1 mg/kg) or traditionally (390.0 mg/kg) also lost tocopherols during accelerated storage, but not as much as oil from unroasted seeds (312 mg/kg and 262 mg/kg, respectively). The oil from goat-digested kernels started with a remarkably lower amount of total tocopherols (335.3 mg/kg), but the total amount at the end of the experiment was comparable with the oil from roasted seeds traditionally extracted (285 mg/kg) [10] .
During the storage experiment, no change in the phytosterol composition and the total content was found for storage under moderate and accelerated conditions, respectively [10] . The authors assumed that the sterol fraction is neither actively involved in the preservation of argan oil nor in its taste.
It is vital for the success of argan oil on the international market that only high-quality oil is distributed to the consumers. The consumer is a very sensitive species and any deviation from the expected quality will result in a rejection of the product, which leads to bad success on the market.
Only a few regulations are specially defined for edible oils to ensure quality and safety. Some national and international food standards contain definitions for the quality of oil for human consumption. Argan oil is not specifically named in these standards, but nevertheless the standards can be applied to assess and to ensure the quality of the oil.
Our results and those from other authors [25, 26] show that a careful choice of the raw material without using goat-digested seeds, gentle drying of the argan fruits, a roasting process for the improvement of the oxidative stability, and screw pressing instead of the ancient process for the oil extraction is strongly recommended, not only to obtain a high-quality product for edible consumption directly after processing, but to be sure that the quality survives the period until the best-before date without losses.
The sensory quality, as well as the oxidative stability of argan oil can only be ensured over a longer period if the above mentioned requirements are fulfilled. Otherwise unpleasant aroma compounds are developed making the oil unacceptable for human consumption or parameters describing the oxidative state of edible oils exceed limits given in different food standards. Both can lead to the rejection of the oil according to the definition given in Regulation (EC) No 178/2002 [9] saying that food is unacceptable for human consumption for reasons of contamination through putrefaction, deterioration or decay.
From this, it is strongly recommended to keep these easy rules for the production of edible cold pressed argan oil to bring a highquality product on the market.
